ABSTRACT
Regular exercise training has anti-inflammatory effects and can reduce the risk of future thrombotic events. 17 The coagulation cascade plays a critical role in the development of cardiovascular disease. Exercise training is known to reduce cardiovascular disease risk and through improved coagulation profile may contribute to this reduction. 18 Single application of physical training has thrombotic effect that results in an increase of the number and activity of platelets, but regular application of exercise training attenuates these effects and acting suppression of coagulation. 19 The purpose of this study was to assess and compare correlation between coagulation and fibrinolytic state regarding to gender differences in diabetics with type 2 diabetes mellitus as well as impact of exercise training on both coagulation and fibrinolytic state and correlation between coagulation and fibrinolytic state. Inflammation status were assessed by hs-CRP and leukocytes levels. Both fibrinolytic and coagulation states were evaluated before and after eight week exercise training.
Material and methods

Study design and study protocol
Physical exercise protocols
Training consisted of aerobic training as 30 minutes briskly walking with speed 5 km/h and exercise training program under supervision. The exercise training was of interval mode with intensity that was estimated according to 75% of maximal heart rate. The rest time between one exercise sessions was equivalent with the time of exercise itself. Patients walked and trained five times a week for eight week. Each exercise session was completed in 45 minutes and was consisted of warm up for 10 minutes at 50 % of maximum heart rate in particular individual, twenty-five minute intervals at 75% of maximum heart rate in particular individual and ten-minutes cool-down period at 50% of maximum heart rate in particular individual. Exercise program included flexibility exercise, balance exercise, stretching, circles going forward, circles going backward, hip flexors stretch, hip circles, arm circles, toe and heal walks, lunge and trunk rotation exercise.
The inclusions criteria
Patients were selected based on their medical history and 60 patients with well -regulated diabetes conducted all phases of the study. The inclusions criteria was age between 40
and 60 years, stable clinical condition and well-regulated diabetic status as revealed by
HbA1c in the range 6,0 -8,0 % .
The exclusion criteria
Patients on warfarin or heparin which might affect APTT and fibrinogen were excluded for the study. The exclusion criteria was recent surgery or illness, cardiac arrhythmias, abnormal ECG during exercise treadmill testing before study, diabetic cardiomyopathy, uncontrolled hypertension, uncompensated heart failure, severe valvular heart disease and musculoskeletal conditions that would hinder safe completion of the proposed exercise protocols.
Coagulation tests
The analyzed parameters were evaluated by the samples of drown blood in patients before meal in mourning period before and after intervention (the first day of the beginning of study and one day after the last training session). All samples were assayed in duplicate.
Venous blood (4. 
Statistical analysis
The evaluated parameters were presented as mean values (MV) with standard deviation (SD). Students t-test was used to assess statistical difference between mean values were distribution was shown to be normal and statistical significance was set at P >0.05.
Pearson correlation coefficient test was done in order to establish correlation between continuous variables. Student's t-test for paired and unpaired samples was used to assess statistical difference between mean values were distribution was shown to be normal.
The significance level of 0.05 was used for correlation tests. Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS, USA), version 19.0.
Results
According analysis for average values of evaluated parameters before and after eight weeks exercise training (EWET) with gender differences (Table 1 and Table 2 According analysis for correlation between baseline inflammation and coagulation parameters in females before EWET (Table 6) , there is demonstrated significant moderate positive correlation between hs-CRP and fibrinogen (r=0.52, P<0.05), fibrinogen and F II coagulation (r= 0.52, P< 0.01).
According analysis for correlation between inflammation and coagulation parameters in males after EWET (Table 7) According analysis for correlation between inflammation and coagulation parameters in females after EWET (Table 8) , there is demonstrated negative correlation between Ddimer and hs-CRP (r=-0.46, P<0.05).
Discussion
The present study was undertaken to explore the correlation between inflammation and coagulation state as well as impact of exercise training on this correlation in diabetics. Von
Willebrand factor is associated with cardiovascular disease, type 2 diabetes mellitus and insulin resistance. Higher levels of vWF is associated with risk of cardiovascular disease in people with type 2 diabetes mellitus or insulin resistance, which suggests that vWF may be a risk factor unique to these populations. In addition, elevated levels of vWF is associated with increased risk of cardiovascular disease in a community-based sample, even after accounting for traditional cardiovascular disease risk factors.
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Our study showed significant decrease for values of vWF in both males (P<0.005) and females (P<0.001) with diabetes mellitus type 2 after eight week training and these results correlate with recent researches. Creighton et al. explore the effects of an acute resistance exercise test on the primary hemostatic system in both resistancetrained and untrained individuals and obtained that reduced vWF in both groups may be attributed to training status. 21 Androulakis et al. examined whether a high volume of training can lead to endothelial activation and/or dysfunction in professional soccer players due to exercise-induced oxidative stress and vWF antigen plasma levels were measured 1 day before and after 7 weeks of strenuous exercise. There is showed that mean vWF Ag plasma levels were significantly decreased from 95.1%±26% to 88.3%±27.2% at the end of the experimental period (P=0.018), suggesting a potential beneficial effect on the endothelium. 22 According Jahangard et al. vWF showed significant reduction after 10 sessions of submaximal aerobic cycling in sedentary healthy postmenopausal women. 23 We showed significant differences in mean values for vWF between males (106.25±32.61) and females (124.28±24.62) (P<0.05) as baseline with higher value in females within the reference value.
We showed significant decreases in values of TT in both males (P < 0,001) and females (P<0.005) after EWET. Our findings demonstrated no differences in APTT, PT and FII coagulation in diabetics are consistent with the results conducted by Lamprechts et al.
that showed no statistically significant differences between pre-and post a single bout of walking exercise in APTT, FII coagulationand PT in obese women.
healthy subjects is usually associated with a significant shortening of APTT, 25, 26 but according our results there is no differences in APTT after regular eight week training.
According to Lockard et al. plasma prothrombin fragment was found to decrease significantly with exercise training three times a week in six months. 18 We obtained that the values of fibrinogen were distinctly above normal in females both as baseline and after study and similar findings were reported byKafle and Shrestha. 12 They obtained significantly higher fibrinogen in patients with diabetes than control and showed that fibrinogen was significantly higher in diabetic patients with coronary artery disease than whose patients who had only diabetes or coronary artery disease. We obtained no changes in fibrinogen concentration after intervention and these findings correlate with the research of Bizheh et al.which examined effect of single bout resistance exercise in sedentary middle aged men on fibrinogen. 27 According a recent investigation, physical training reduces fibrinogen concentration in patients with coronary heart diseases who have long-term physical training applied. It was determined that fibrinogen concentration significantly increased after physical load in all the treatment stages in both coronary heart disease and control group, while fibrinogen concentration gradually decreased in the group of the trained patients after 1 year, 28 between hs-CRP and fibrinogen particularly in diabetics which correlate with our findings. 36 In addition, they reported a correlation between hs-CRP and either fibrinogen or vWF in diabetics. According them, there is no correlation between fibrinogen and other markers of hypercoagulability, thrombin-anti thrombin, prothrombin and D-dimer although the latter three correlated with each other.In our study there is no correlation between vFW and hs-CRP. We showed correlation between hs-CRP and fibrinogen in males both as baseline and after study and in addition we showed that positive correlation between hs-CRP and fibrinogen as baseline in females which becomes not significant after study, supporting anti-inflammatory effect of eight week training.
According Alehagen et al., patients with suspected heart failure and low plasma concentrations of FII, FVII and FXI coagulation had significantly higher mortality rates during the follow-up period of ten years as compared with those with higher plasma concentrations.Increasing in plasma concentrations of FII and FVII coagulation after exercise training may indicate a protective effect of training on mortality, and a protective effect of exercise training on hemorrhage. 37 We demonstrated significant increase within the normal range of FVII coagulation in males and little above normal range in females after eight week training, suggesting a protective effect of training on mortality.According to Ruiz-Saez et al.afibrinogenemia, factor VII or factor XI deficiencies are those most commonly associated with venous or arterial thrombosis. 38 FVIIa is significantly higher in patients with diabetes mellitus type 2. 39 Factor VII deficiency is an uncommon coagulation disorder that patient usually presents with bleeding diathesis, but thrombotic event has been reported in patients with Acute Ishemic Stroke. 40 Increasing of factor VII levels in our study may indicate possible reduction of risk for venous or arterial thrombosis after intervention. 42 Gleeson et al. pointed out to the novel function concerning FX coagulation factor as an endogenous, receptor-associated protein-sensitive, proteaseactivated receptor 2-dependent regulator of myeloid cell pro-inflammatory cytokine production. Further, exposure to factor X significantly impairs pro-inflammatory cytokine production. Factor X inhibited nuclear factor-kappa B activation in THP-1 reporter cells requires phosphatidylinositol 3-kinase activity for its anti-inflammatory effect. 43 We demonstrated significant increase of factor X level in females within the normal range after intervention. In addition, we demonstrated moderate positive correlation between hs-CRP and FX in males as baseline that become weak correlation after study, and none correlation between hs-CRP and FX in females. Increasing in plasma concentration of FX coagulation that is demonstrated from the results of our study after eight week training only in females could suggest the possible anti-inflammatory effect of exercise trainingand should be examined in future research.
The main limitation of the present study is the relatively small number of patients, but the study enrolled both men and women in an adequate number to obtain statistically significant results. The major advantage of the present study is investigation of correlation between inflammation and coagulation state between the two sexes with diabetes, which is insufficient in previous research. This longitudinal study may bring some new findings regarding effects of exercise training on treatment of patients with diabetes mellitus type 2.
Conclusion
We demonstrated a statistically significant reduction in mean vWF levels after eight weeks exercise training in both males and females with diabetes mellitus type 2, suggesting a potential beneficial effect on endothelial function parameters. According our research there is obtained stronger correlation between coagulation and inflammation parameters in males than females as baseline and in addition we obtained the weakening of correlation between coagulation and inflammation parameters in both males and females after intervention, suggesting anti-inflammatory and anticoagulant effect of intervention.
The effect of exercise training on correlation between coagulation and inflammation state in patients with both well-controlled and poorly-controlled diabetes mellitus type 2 should be explored in future. 
